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ÐÅÃ²Î- ÒÀ ÑÒÅÐÅÎ-ÑÅËÅÊÒÈÂÍÀ ÃÀËÎÃÅÍÎ²ÍÄÓÊÎÂÀÍÀ ÖÈÊË²ÇÀÖ²ß
ÒÅÐÌ²ÍÀËÜÍÈÕ ÀËÊ²Í²ËÜÍÈÕ Ò²ÎÅÒÅÐ²Â 3-ÔÅÍ²ËÕ²ÍÀÇÎË²Í-4-ÎÍÓ

à ÄÂÍÇ «Óæãîðîäñüêèé íàö³îíàëüíèé óí³âåðñèòåò», ì. Óæãîðîä, Óêðà¿íà
á Enamine Ltd., ì. Êè¿â, Óêðà¿íà

Â äàí³é ðîáîò³ íàâåäåí³ ðåçóëüòàòè äîñë³äæåííÿ ïðîöåñó åëåêòðîô³ëüíî¿ ãåòåðî-
öèêë³çàö³¿ òåðì³íàëüíèõ àëê³í³ëüíèõ ò³îåòåð³â õ³íàçîë³í-4-îíó ï³ä ä³ºþ ãàëîãåí³â.
Âèõ³äí³ 2-(áóò-3-³í-1-³ëò³î)-3-ôåí³ëõ³íàçîë³í-4(3H)-îí òà 2-(ïåíò-4-³í-1-³ëò³î)-3-
ôåí³ëõ³íàçîë³í-4(3H)-îí îäåðæàí³ àëê³ëóâàííÿì â ñïèðòîâî-ëóæíîìó ñåðåäîâèù³
2-ò³îêñîõ³íàçîë³í-4-îíó áóòèí³ë òà ïåíò³í³ë áðîì³äîì â³äïîâ³äíî. Âñòàíîâëåíî,
ùî âçàºìîä³ÿ 2-(áóò-3-³í-1-³ëò³î)-3-ôåí³ëõ³íàçîë³í-4(3H)-îíó ç áðîìîì, éîäîì òà
áðîì³äîì éîäó â³äáóâàºòüñÿ ðåã³î- òà ñòåðåî-ñåëåêòèâíî ³ ïðèâîäèòü äî óòâîðåííÿ
ãàëîãåí³ä³â 1-(ãàëîãåíîìåòèë³äåí)-6-îêñî-5-ôåí³ë-2,3,5,6-òåòðàã³äðî-1H-[1,3]ò³àçè-
íî[3,2-a]õ³íàçîë³í³þ àíãóëÿðíî¿ áóäîâè ó âèãëÿä³ Å-³çîìåð³â. Íàòîì³ñòü, ïðè ãàëî-
ãåíî³íäóêîâàí³é ãåòåðîöèêë³çàö³¿ 2-(ïåíò-4-³í-1-³ëò³î)-3-ôåí³ëõ³íàçîë³í-4(3H)-îíó
àíåëþºòüñÿ ò³àçåï³íîâèé öèêë äî õ³íàçîë³íó ç óòâîðåííÿì òðèáðîì³äó Å-1-(áðîìî-
ìåòèë³äåí)-7-îêñî-6-ôåí³ë-1,2,3,4,6,7-ãåêñàã³äðî-[1,3]ò³àçåï³íî[3,2-a]õ³íàçîë³í³þ òà
ìîíîáðîì³äó Å-1-(éîäîìåòèë³äåí)-7-îêñî-6-ôåí³ë-1,2,3,4,6,7-ãåêñàã³äðî-[1,3]ò³àçå-
ï³íî[3,2-a]õ³íàçîë³í³þ. Çíàéäåíî, ùî çá³ëüøåííÿ äîâæèíè òåðì³íàëüíîãî àëê³-
í³ëüíîãî çàì³ñíèêà íà îäíó ìåòèëåíîâó ãðóïó âïëèâàº íà ðåã³îñåëåêòèâí³ñòü ïðî-
öåñó ãàëîöèêë³çàö³¿, àëå íå âïëèâàº íà ñòåðåîñåëåêòèâí³ñòü.

Êëþ÷îâ³ ñëîâà: 2-(áóò-3-³í-1-³ëò³î)-3-ôåí³ëõ³íàçîë³í-4(3H)-îí, 2-(ïåíò-4-³í-1-³ëò³î)-
3-ôåí³ëõ³íàçîë³í-4(3H)-îí, ãàëîãåíîãåòåðîöèêë³çàö³ÿ, ðåã³î-(ñòåðåî-)ñåëåêòèâí³ñòü,
ãàëîãåí³äè [1,3]ò³àçèíî[3,2-a]õ³íàçîë³í³þ; ãàëîãåí³äè [1,3]ò³àçåï³íî[3,2-a]õ³íàçîë³í³þ.
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Âñòóï
Íåíàñè÷åí³ àëê³ëüí³ ïîõ³äí³ àçàãåòåðîöèêë³â

äîáðå ñåáå çàðåêîìåíäóâàëè ÿê çðó÷í³ ñóáñòðàòè
äëÿ ðåàêö³é ç åëåêòðîô³ëüíèìè ðåàãåíòàìè. Íà-
ÿâí³ñòü äîäàòêîâîãî åíäî- ÷è åêçî-öèêë³÷íîãî
íóêëåîô³ëüíîãî öåíòðó â àëêåí³ëüíèõ (àëê³í³ëü-
íèõ) àçàãåòåðîöèêëàõ ñòâîðþº ïåðåäóìîâè äî
àíåëþâàííÿ äîäàòêîâîãî öèêëó âíàñë³äîê ðåàêö³¿
åëåêòðîô³ëüíî¿ âíóòð³øíüîìîëåêóëÿðíî¿ öèêë³-
çàö³¿ [1–7]. Àëê³í³ëôóíêö³îíàë³çîâàí³ àçàãåòåðî-
öèêëè â ðåàêö³ÿõ ç åëåêòðîô³ëüíèìè ðåàãåíòà-
ìè º ìåíø àêòèâíèìè â ïîð³âíÿíí³ ç àëêåí³ëü-
íèìè àíàëîãàìè, òîìó â³äïîâ³äí³ ë³òåðàòóðí³
â³äîìîñò³ îáìåæåí³ [8–11]. Ðàí³øå ïîâ³äîìëÿ-
ëîñÿ ïðî òåëóðî³íäóêîâàíó ãåòåðîöèêë³çàö³þ ïðî-
ïàðã³ëüíèõ ò³îåòåð³â õ³íàçîë³íó [11], ÿêà â³äáó-
âàºòüñÿ ðåã³î- ³ ñòåðåî-ñåëåêòèâíî ç óòâîðåííÿì

ò³àçîë³íîõ³íàçîë³í³â ó âèãëÿä³ îäíîãî êîíô³ãóðà-
ö³éíîãî ³çîìåðó. Íàòîì³ñòü, ë³òåðàòóðí³ äàí³ ç åëåê-
òðîô³ëüíî¿ öèêë³çàö³¿ òåðì³íàëüíèõ áóò³í³ëü-
íèõ òà ïåíò³í³ëüíèõ ò³îåòåð³â õ³íàçîë³íó â³äñóòí³.
Òàê³ ñóáñòðàòè â ðåàêö³ÿõ ç åëåêòðîô³ëüíèìè
ðåàãåíòàìè âíàñë³äîê ãåòåðîöèêë³çàö³¿ ìîæóòü àíå-
ëþâàòè äîäàòêîâèé àçàãåòåðîöèêë äî õ³íàçîë³íó ç
åêçîöèêë³÷íèì Ñ=Ñ çâ’ÿçêîì, ùî ñòâîðþº ïåðå-
äóìîâè äëÿ äîñë³äæåííÿ ðåã³î- òà ñòåðåî-ñåëåê-
òèâíîñò³ ïðîöåñó åëåêòðîô³ëüíî¿ âíóòð³øíüîìî-
ëåêóëÿðíî¿ öèêë³çàö³¿. Òîìó äîñë³äæåííÿ ãàëîãå-
íóâàííÿ áóò³í³ëüíîãî òà ïåíò³í³ëüíîãî ò³îåòåð³â
õ³íàçîë³íó º àêòóàëüíèì.

Åêñïåðèìåíòàëüíà ÷àñòèíà
Ñïåêòðè ßÌÐ 1H (400 MHz) îòðèìàíî íà

ñïåêòðîìåòð³ Mercury-400 òà 13C (126 MHz) —
íà ñïåêòðîìåòð³ Bruker 170 Avance 500 â³äíîñíî
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ÒÌÑ. Åëåìåíòíèé àíàë³ç âèêîíàíî íà ïðèëàä³
Elementar Vario MICRO. 2-Ò³îêñî-3-ôåí³ë-2,3-
äèã³äðîõ³íàçîë³í-4(1H)-oí 1 ñèíòåçîâàíî çà ìå-
òîäèêîþ [12] ç âèêîðèñòàííÿì òðèåòèëàì³íó ÿê
ðîç÷èííèêà.

Ìåòîäèêà ñèíòåçó ò³îåòåð³â 3, 4
Äî 3 ììîëü 3-ôåí³ë-2-ò³îêñî-2,3-äèã³äðîõ-

³íàçîë³í-4(1H)-oíó 1 äîäàþòü 4 ììîëü ÊÎÍ,
ðîç÷èíåíîãî ó 1 ìë âîäè ³ 15 ìë åòàíîëó. Ñóì³ø
íàãð³âàþòü äî ïîâíîãî ðîç÷èíåííÿ, äîäàþòü 4
ììîëü áóò³í³ë(ïåíò³í³ë) áðîì³äó. Ðåàêö³éíó
ñóì³ø ïåðåì³øóþòü 2 ãîä ïðè ê³ìíàòí³é òåìïå-
ðàòóð³. Îñàä ô³ëüòðóþòü, ñóøàòü ³ êðèñòàë³çóþòü
ç åòàíîëó.

2-(Áóò-3-³í-1-³ëò³î)-3-ôåí³ëõ³íàçîë³í-4(3H)-
îí 2

Âèõ³ä 93%, Tïë. 124–1260Ñ. 1Í ßÌÐ (400 ÌÃö,
DMSO-d6), δ, ì.÷. (J, Ãö): 2,61 (2Í, ì, –ÑÍ2–);
2,91 (1Í, ñ, ≡ÑH); 3,27 (2Í, ò, J=7,1, SCH2); 7,45
(2Í, ì, Ar); 7,49 (1Í, ä, J=7,5, Ar); 7,56 (3H, ì,
Ar), 7,62 (1H, ä, J=8,1, Ar); 7,84 (1H , ò, J=7,6,
Ar); 8,08 (1H, ä, J=7,7, Ar). 13Ñ ßÌÐ (126 ÌÃö,
DMSO-d6), δ, ì.÷.: 160,7; 156,9; 147,2; 135,9; 134,9;
129,8; 129,4; 129,4; 126,5; 126,0; 125,9; 119,6; 82,
6; 72,5; 30,8; 18,0. Çíàéäåíî, %: C 70,47; H 4,56;
N 9,05; S 10,37. C18H14N2OS. Ðîçðàõîâàíî, %: C
70,56; H 4,61; N 9,14; S 10,46.

2-(Ïåíò-4-³í-1-³ëò³î)-3-ôåí³ëõ³íàçîë³í-
4(3H)-îí 3

Âèõ³ä 90%, Tïë. 100–1010Ñ. 1Í ßÌÐ (400 ÌÃö,
DMSO-d6), δ, ì.÷. (J, Ãö): 1,82 (2Í, ì, –ÑÍ2–);
2,26 (2Í, ò, J=5,7, –ÑÍ2–); 2,83 (1Í, ñ, ≡ÑH);
3,19 (2Í, ò, J=7,2, SCH2); 7,45 (3Í, ì, Ar); 7,54
(3H, ì, Ar), 7,61 (1H, ä, J=8,1, Ar); 7,82 (1H , ò,
J=7,5, Ar); 8,07 (1H, ä, J=7,8, Ar). 13Ñ ßÌÐ
(126 ÌÃö, DMSO-d6), δ, ì.÷.: 160,7; 157,0; 147,3;
135,9; 134,8; 129,7; 129,4; 126,5; 126,0; 125,9; 119,6;
83,5; 71,8; 30,7; 27,2; 16,9. Çíàéäåíî, %: C 71,16;
H 4,94; N 8,68; S 9,91. C19H16N2OS. Ðîçðàõîâàíî,
%: C 71,22; H 5,03; N 8,74; S 10,01.

Ìåòîäèêà ñèíòåçó òðèãàëîãåí³ä³â 1-(ãàëîãå-
íîìåòèë³äåí)-6-îêñî-5-ôåí³ë-2,3,5,6-òåòðàã³äðî-
1H-[1,3]ò³àçèíî[3,2-a]õ³íàçîë³í-11-³þ 4,5 òà òðèá-
ðîì³äó 1-(áðîìîìåòèë³äåí)-7-îêñî-6-ôåí³ë-
1,2,3,4,6,7-ãåêñàã³äðî-[1,3]ò³àçåï³íî[3,2-a]õ³íàçîë³í-
12-³þ 7

Äî ðîç÷èíó 2 ììîëü 2-(áóò-3-³í-1-³ëò³î)-3-
ôåí³ëõ³íàçîë³í-4(3H)-îíó 2 àáî 2-(ïåíò-4-³í-1-
³ëò³î)-3-ôåí³ëõ³íàçîë³í-4(3H)-îí 3 ó 15 ìë õëî-
ðîôîðìó äîäàþòü ðîç÷èí ãàëîãåíó (4 ììîëü) â
10 ìë õëîðîôîðìó. Ñóì³ø ïåðåì³øóþòü 8 ãîäèí
(áðîì) ÷è 24 ãîäèíè (éîä). Îñàä ô³ëüòðóþòü òà
ïðîìèâàþòü õëîðîôîðìîì.

Òðèáðîì³ä 1-(áðîìîìåòèë³äåí)-6-îêñî-5-

ôåí³ë-2,3,5,6-òåòðàã³äðî-1H-[1,3]ò³àçèíî[3,2-
a]õ³íàçîë³í-11-³þ 4

Âèõ³ä 83%, Tïë. 184–1860Ñ. 1Í ßÌÐ (400 ÌÃö,
DMSO-d6), δ, ì.÷. (J, Ãö): 3,53 (2Í, ì, –ÑÍ2–);
4,16 (2Í, ì, SCH2); 7,27 (1H, ñ, =ÑÍ); 7,55 (2H,
ì, Ar); 7,68 (3H, ì, Ar); 7,81 (1H , ò, J=7,5, Ar);
7,96 (1H, ä, J=8,5, Ar); 8,11 (1H, ò, J=7,9, Ar);
8,29 (1H, ä, J=7,8, Ar). Çíàéäåíî, %: C 34,45; H
2,14; N 4,39; S 5,06. C18H14Br4N2OS. Ðîçðàõîâà-
íî, %: C 34,54; H 2,25; N 4,48; S 5,12.

Òðèéîäèä 1-(éîäîìåòèë³äåí)-6-îêñî-5-ôåí³ë-
2,3,5,6-òåòðàã³äðî-1H-[1,3]ò³àçèíî[3,2-
a]õ³íàçîë³í-11-³þ 5

Âèõ³ä 84%, Tïë. 263–2650Ñ. 1Í ßÌÐ (400 ÌÃö,
DMSO-d6), δ, ì.÷. (J, Ãö): 3,52 (2Í, ì, –ÑÍ2–);
4,13 (2Í, ì, SCH2); 7,34 (1H, ñ, =ÑÍ); 7,55 (2H,
ì, Ar); 7,68 (3H, ì, Ar); 7,81 (1H , ò, J=7,5, Ar);
7,89 (1H, ä, J=8,5, Ar); 8,11 (1H, ò, J=7,9, Ar);
8,30 (1H, ä, J=7,8, Ar). Çíàéäåíî, %: C 26,48; H
1,66; N 3,35; S 3,86. C18H14I4N2OS. Ðîçðàõîâàíî,
%: C 26,56; H 1,73; N 3,44; S 3,94.

Òðèáðîì³ä 1-(áðîìîìåòèë³äåí)-7-îêñî-6-
ôåí³ë-1,2,3,4,6,7-ãåêñàã³äðî-[1,3]ò³àçåï³íî[3,2-
a]õ³íàçîë³í-12-³þ 7

Âèõ³ä 86%, Tïë. 163–1640Ñ. 1Í ßÌÐ (400 ÌÃö,
DMSO-d6), δ, ì.÷. (J, Ãö): 2,21 (2Í, ì, –ÑÍ2–);
3,00 (2Í, ì, –ÑÍ2–); 3,57 (2Í, ì, SCH2); 7,67
(2H, ì, Ar); 7,75 (3H, ì, Ar); 7,93 (1H, ò, J=8,0,
Ar); 8,27 (1H , ò, J=8,0, Ar); 8,43 (1H, ä, J=8,6,
Ar); 8,56 (1H, ä, J=8,5, Ar); 9,08 (1H, ñ, =ÑÍ).
13Ñ ßÌÐ (126 ÌÃö, DMSO-d6), δ, ì.÷.: 164,1;
156,6; 136,8; 136,0; 135,5; 131,7; 131,0; 130,1; 128,9;
127,4; 123,5; 118,7; 117,7; 33,2; 32,1; 25,2. Çíàé-
äåíî, %: C 35,58; H 2,46; N 4,30; S 4,96.
C19H16Br4N2OS. Ðîçðàõîâàíî, %: C 35,66; H 2,52;
N 4,38; S 5,01.

Ìåòîäèêà ñèíòåçó áðîì³ä³â 1-(éîäîìåòèë³-
äåí)-6-îêñî-5-ôåí³ë-2,3,5,6-òåòðàã³äðî-1H-
[1,3]ò³àçèíî[3,2-a]õ³íàçîë³í-11-³þ 6 òà 1-(éîäî-
ìåòèë³äåí)-7-îêñî-6-ôåí³ë-1,2,3,4,6,7-ãåêñàã³äðî-
[1,3]ò³àçåï³íî[3,2-a]õ³íàçîë³í-12-³þ 8

Äî 3 ììîëü 2-(áóò-3-³í-1-³ëò³î)-3-ôåí³ëõ³-
íàçîë³í-4(3H)-îíó 2 àáî 2-(ïåíò-4-³í-1-³ëò³î)-3-
ôåí³ëõ³íàçîë³í-4(3H)-îí 3, ðîç÷èíåíîãî â 10 ìë
ëüîäÿíî¿ îöòîâî¿ êèñëîòè, ïðèêàïóþòü 60 ìë
ðîç÷èíó áðîì³äó éîäó â îöòîâ³é êèñëîò³
(Ñ(IBr)=0,05 ìîëü/ë) ïðè ïîñò³éíîìó ïåðåì³øó-
âàíí³. Ðåàêö³éíó ñóì³ø ïåðåì³øóþòü 16 ãîäèí.
Îñàä ô³ëüòðóþòü òà ïðîìèâàþòü ëüîäÿíîþ îö-
òîâîþ êèñëîòîþ.

Áðîì³ä 1-(éîäîìåòèë³äåí)-6-îêñî-5-ôåí³ë-
2,3,5,6-òåòðàã³äðî-1H-[1,3]ò³àçèíî[3,2-
a]õ³íàçîë³í-11-³þ 6

Âèõ³ä 81%, Tïë. 259–2610Ñ. 1Í ßÌÐ (400 ÌÃö,
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DMSO-d6), δ, ì.÷. (J, Ãö): 3,51 (2Í, ì, –ÑÍ2–);
4,29 (2Í, ì, SCH2); 7,34 (1H, ñ, =ÑÍ); 7,55 (2H,
ì, Ar); 7,69 (3H, ì, Ar); 7,81 (1H , ò, J=7,6, Ar);
7,89 (1H, ä, J=8,6, Ar); 8,11 (1H, ò, J=8,0, Ar);
8,30 (1H, ä, J=7,8, Ar). Çíàéäåíî, %: C 42,07; H
2,67; N 5,38; S 6,19. C18H14BrIN2OS. Ðîçðàõîâà-
íî, %: C 42,13; H 2,75; N 5,46; S 6,25.

Áðîì³ä 1-(éîäîìåòèë³äåí)-7-îêñî-6-ôåí³ë-
1,2,3,4,6,7-ãåêñàã³äðî-[1,3]ò³àçåï³íî[3,2-
a]õ³íàçîë³í-12-³þ 8

Âèõ³ä 80%, Tïë. 145–1470Ñ. 1Í ßÌÐ (400 ÌÃö,
DMSO-d6), δ, ì.÷. (J, Ãö): 2,22 (2Í, ì, –ÑÍ2–);
3,00 (2Í, ò, J=6,5, –ÑÍ2–); 3,58 (2Í, ò, J=6,5,
SCH2); 7,68 (2H, ì, Ar); 7,77 (3H, ì, Ar); 7,95
(1H, ò, J=7,7, Ar); 8,27 (1H , ò, J=7,9, Ar); 8,43
(1H, ä, J=7,9, Ar); 8,56 (1H, ä, J=8,5, Ar); 9,09
(1H, ñ, =ÑÍ). Çíàéäåíî, %: C 43,20; H 2,98; N
5,23; S 5,99. C19H16BrIN2OS. Ðîçðàõîâàíî, %: C
43,29; H 3,06; N 5,31; S 6,08.

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ
Âèõ³äíèìè ñóáñòðàòàìè äëÿ äîñë³äæåííÿ

ïðîöåñó åëåêòðîô³ëüíî¿ ãåòåðîöèêë³çàö³¿ âèáðàí³
òåðì³íàëüí³ àëê³í³ëüí³ ò³îåòåðè õ³íàçîë³íó:
2-(áóò-3-³í-1-³ëò³î)-3-ôåí³ëõ³íàçîë³í-4(3H)-îí 2
òà 2-(ïåíò-4-³í-1-³ëò³î)-3-ôåí³ëõ³íàçîë³í-4(3H)-
oí 3, ÿê³ îäåðæóâàëè ðåàêö³ºþ àëê³ëóâàííÿ
2-ò³îêñî-3-ôåí³ë-2,3-äèã³äðîõ³íàçîë³í-4(1H)-oíó
1 â³äïîâ³äíèìè àëê³í³ëáðîì³äàìè â ñïèðòîâî-
ëóæíîìó ñåðåäîâèù³ (ñõåìà 1).
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Ñõåìà 1. Ñèíòåç òåðì³íàëüíèõ àëê³í³ëüíèõ ò³îåòåð³â 2, 3

Äîâæèíà âóãëåöåâîãî ëàíöþãà òåðì³íàëü-
íîãî àëê³í³ëüíîãî çàì³ñíèêà ìîæå çì³íþâàòè
ðåã³îõ³ì³þ ïðîöåñó ãàëîãåíîãåòåðîöèêë³çàö³¿.
Òîìó äëÿ ïîð³âíÿííÿ ç ãàëîöèêë³çàö³ºþ ïðîïàð-
ã³ëò³îõ³íàçîë³íó [10] äîñë³äæåíî ãàëîãåíóâàííÿ
2-(áóò-3-³í-1-³ëò³î)-3-ôåí³ëõ³íàçîë³í-4(3H)-îíó
2. Ðåàêö³þ ò³îåòåðó 2 ç íàäëèøêîì áðîìó òà éîäó
ïðîâîäèëè â õëîðîôîðì³, à áðîì³äó éîäó â îö-
òîâ³é êèñëîò³ ïðè ê³ìíàòí³é òåìïåðàòóð³ òà ïî-
ñò³éíîìó ïåðåì³øóâàíí³ ðåàãåíò³â (áðîì – 8 ãî-
äèí, éîä – 24 ãîäèíè, áðîì³äó éîäó – 16 ãîä).
Âñòàíîâëåíî, ùî â ðåçóëüòàò³ ðåàêö³¿ â³äáóâàºòüñÿ
àíåëþâàííÿ ò³àçèíîâîãî öèêëó äî îñòîâà õ³íà-
çîë³íó ç óòâîðåííÿì òðèãàëîãåí³ä³â 4, 5 òà ìîíî-
áðîì³äó 6 1-(ãàëîãåíîìåòèë³äåí)-6-îêñî-5-ôåí³ë-
2,3,5 ,6-òåòðàã ³äðî-1H-[1,3]ò ³àçèíî[3,2-

a]õ³íàçîë³í³þ (ñõåìà 2). Ñêëàä ñîëåé 4–6 äîâåäå-
íî åëåìåíòíèì àíàë³çîì.
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Ñõåìà 2. Ãàëîãåíóâàííÿ 2-(áóò-3-³í-1-³ëò³î)-3-ôåí³ëõ³íà-

çîë³í-4(3H)-îíó 2

Áóäîâó îäåðæàíèõ ñîëåé ï³äòâåðäæåíî ñïåê-
òðàëüíî. Òàê, â ñïåêòð³ ßÌÐ 1Í òðèéîäèäó 1-
(éîäîìåòèë³äåí)-6-îêñî-5-ôåí³ë-2,3,5,6-òåòðàã³äðî-
1H-[1,3]ò³àçèíî[3,2-a]õ³íàçîë³í³þ 5 íàÿâí³ ñèãíàëè
ïðîòîí³â ò³àçèíîâîãî öèêëó ó âèãëÿä³ äâîõ ìóëü-
òèïëåòíèõ ñèãíàë³â ïðè 4,13 òà 3,52 ì.÷. Ñèãíàë
ïðîòîíó åêçîöèêë³÷íî¿ éîäîìåòèë³äåíîâî¿ ãðóïè
ïðîÿâëÿºòüñÿ â ñïåêòð³ ïðè 7,34 ì.÷, ùî ñâ³ä÷èòü
ïðî óòâîðåííÿ îäíîãî êîíô³ãóðàö³éíîãî ³çîìåðó.
Ñèãíàëè ïðîòîí³â ôåí³ëüíîãî òà î-ôåí³ëåíîâîãî
ê³ëåöü ïðîÿâëÿþòüñÿ â ³íòåðâàë³ â³ä 7,55 äî
8,30 ì.÷.

Äëÿ âèçíà÷åííÿ ðåã³îñåëåêòèâíîñò³ ãàëî-
öèêë³çàö³¿ çá³ëüøèëè äîâæèíó àëê³í³ëüíîãî çà-
ì³ñíèêà ùå íà îäíó ìåòèëåíîâó ãðóïó. Äîñë³-
äæåííÿ âïëèâó äàíîãî ñòðóêòóðíîãî ôàêòîðà
çä³éñíåíî ãàëîãåíóâàííÿì òåðì³íàëüíî íåçàì³ùå-
íîãî 2-(ïåíò-4-³í-1-³ëò³î)-3-ôåí³ëõ³íàçîë³í-4(3H)-
îíó 3. Âçàºìîä³þ áðîìó òà áðîì³äó éîäó ç ò³îåòå-
ðîì 3 ïðîâîäèëè â óìîâàõ àíàëîã³÷íèõ ÿê ïðè
ãàëîãåíóâàíí³ áóò³í³ëüíîãî ò³îåòåðó 2. Âñòàíîâëå-
íî, ùî ïåðåì³øóâàííÿ âèõ³äíèõ ðåàãåíò³â ïðè
ê³ìíàòí³é òåìïåðàòóð³ ïðèâîäèòü äî óòâîðåííÿ
òðèáðîì³äó 1-(áðîìîìåòèë³äåí)-7-îêñî-6-ôåí³ë-
1,2,3,4,6,7-ãåêñàã³äðî-[1,3]ò³àçåï³íî[3,2-
a]õ³íàçîë³í³þ 7 òà ìîíîáðîì³äó 1-(éîäîìåòèë³äåí)-
7-îêñî-6-ôåí³ë-1,2,3,4,6,7-ãåêñàã³äðî-[1,3]ò³àçåï³-
íî[3,2-a]õ³íàçîë³í³þ 8 (ñõåìà 3).

Áóäîâó ñîë³ 7 ï³äòâåðäæåíî ñïåêòðàìè ßÌÐ
1Í òà 13Ñ. Â ñïåêòð³ ßÌÐ 1Í  òðèáðîì³äó 7 íàÿâ-
íèé îäèí ñèíãëåòíèé ñèãíàë ïðîòîíà áðîìîìåòè-
ë³äåíîâî¿ ãðóïè ïðè 9,08 ì.÷., ùî ñâ³ä÷èòü ïðî
óòâîðåííÿ îäíîãî ãåîìåòðè÷íîãî ³çîìåðó. Ñèã-
íàëè ïðîòîí³â ò³àçåï³íîâîãî öèêëó ïðîÿâëÿþòü-
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ñÿ íà ñèëüíîïîëüí³é ä³ëÿíö³ ñïåêòðà ó âèãëÿä³
òðüîõ ìóëüòèïëåòíèõ ñèãíàë³â ïðè 3,57 ì.÷.,
3,00 ì.÷. òà 2,21 ì.÷., â³äïîâ³äíî. Äëÿ ôðàãìåíòó
õ³íàçîë³íîâîãî öèêëó òà ôåí³ëüíî¿ ãðóïè â ïî-
ëîæåíí³ 3 õ³íàçîë³íó ñïîñòåð³ãàþòü ñïåêòðàëüí³
çàêîíîì³ðíîñò³ àíàëîã³÷í³ ò³àçèíîõ³íàçîë³íîâèì
ñîëÿì 4–6.
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Cõåìà 3. Ãàëîãåíóâàííÿ 2-(ïåíò-4-³í-1-³ëò³î)-3-ôåí³ëõ³íà-

çîë³í-4(3H)-îíó 3

Äëÿ âèçíà÷åííÿ êîíô³ãóðàö³¿ åêçîöèêë³-
÷íî¿ ãàëîãåíîìåòèë³äåíîâî¿ ãðóïè áóëî çä³éñíåíî
äîñë³äæåííÿ ßÅÎ (NOE) ñïîëóêè 5, äå çíàéäåí³
êîðåëÿö³¿ ì³æ ïðîòîíîì ãðóïè =ÑÍ²
(7,34 ì.÷. ) òà Ñ-10 àòîìîì õ³íàçîë³íîâîãî öèêëó
(7,89 ì.÷.) ³ç çíà÷åííÿì ÊÑÑÂ 70 Hz (ðèñ. À).
Íàÿâí³ñòü äàíî¿ âçàºìîä³¿ ñâ³ä÷èòü ïðî óòâîðåí-
íÿ E-³çîìåðó. Õ³ì³÷íèé çñóâ ñèãíàë³â ïðîòîí³â
ãàëîãåíîìåòèë³äåíîâî¿ ãðóïè òðèáðîì³äó 4 òà ìî-
íîáðîì³äó 6 ñòàíîâèòü 7,27 ì.÷. òà 7,34 ì.÷.,
â³äïîâ³äíî, ùî äîçâîëÿº ñòâåðäæóâàòè, ùî åëåê-
òðîô³ëüíà âíóòð³øíüîìîëåêóëÿðíà öèêë³çàö³ÿ
áóò³í³ëüíîãî ò³îåòåðó 2 ï³ä ä³ºþ ãàëîãåí³â â³äáó-
âàºòüñÿ ñòåðåîñåëåêòèâíî ç óòâîðåííÿì ñîëåé
ò³àçèíîõ³íàçîë³í³â Å-êîíô³ãóðàö³¿.

Äîñë³äæåííÿ ïî ßÅÎ ïðîâåäåí³ ³ äëÿ éîäî-
ìåòèë³äåí çàì³ùåíîãî ò³àçåï³íîõ³íàçîë³í³é áðî-
ì³äó 8, äå çíàéäåí³ êîðåëÿö³¿ éîäîìåòèë³äåíîâî-

ãî ïðîòîíà (9,09 ì.÷.) ç Ñ-11 àòîìîì õ³íàçîë³íî-
âîãî öèêëó (8,56 ì.÷.) ç ÊÑÑÂ 119,0 Hz (Ðèñ. Â),
ùî ï³äòâåðäæóº óòâîðåííÿ ñàìå Å-³çîìåðó â ðå-
çóëüòàò³ ãàëîãåíîãåòåðîöèêë³çàö³¿. Õ³ì³÷íèé çñóâ
ïðîòîíà áðîìîìåòèë³äåíîâî¿ ãðóïè (9,08 ì.÷.) â
òðèáðîì³ä³ ò³àçåï³íîõ³íàçîë³í³þ 7 ï³äòâåðäæóº
ñòåðåîñåëåêòèâí³ñòü ðåàêö³¿ ãàëîãåíóâàííÿ. 2-
(ïåíò-4-³í-1-³ëò³î)-3-ôåí³ëõ³íàçîë³í-4(3H)-îíó 3.
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ñåëåêòèâíî ç óòâîðåííÿì ãàëîãåí³äíèõ ñîëåé
ò³àçèíî-(ò³àçåï³íî-)õ³íàçîë³í³â Å-êîíô³ãóðàö³¿.
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REGIO- AND STEREO-SELECTIVE HALOGEN-
INDUCED CYCLIZATION OF TERMINAL ALKYNYL
THIOETHERS OF 3-PHENYLQUINAZOLINE-4-ONE

D.Zh. Kut a, M.M. Kut a, E.M. Ostapchuk b, M.Yu. Onysko a, *

a State University «Uzhhorod National University», Uzhhorod,
Ukraine
b Enamine Ltd., Kyiv, Ukraine
* e-mail: muonysko@gmail.com

The present work reports the results of the study of the
electrophilic heterocyclization of terminal alkynyl thioethers of
quinazoline-4-one under the action of halogens. Starting 2-(but-
3-in-1-ylthio)-3-phenylquinazolin-4(3H)-one and 2-(pent-4-in-
1-ylthio)-3-phenylquinazolin-4(3H)-one were prepared by
alkylation of 2-thioxoquinazolin-4-one with butynyl and pentynyl
bromide in an alcoholic-alkaline medium, respectively. It was
determined that the interaction of 2-(but-3-in-1-ylthio)-3-
phenylquinazoline-4(3H)-one with bromine, iodine and iodine
bromide is regio- and stereo-selective and leads to the formation
of 1-(halogenomethylidene)-6-oxo-5-phenyl-2,3,5,6-tetrahydro-
1H-[1,3]thiazino[3,2-a]quinazolinium halides of angular structure
as E-isomers. On the contrary, the halogen-induced
heterocyclization of 2-(pent-4-in-1-ylthio)-3-phenylquinazolin-
4(3H)-one leads to the annelation of thiazepine cycle to
quinazoline core with formation of E-1-(bromomethylidene)-7-
oxo-6-phenyl-1,2,3,4,6,7-hexahydro-[1,3]thiazepino[3,2-
a]quinazolinium tribromide and E-1-(iodomethylidene)-7-oxo-
6-phenyl-1,2,3,4,6,7-hexahydro-[1,3]thiazepino[3,2-
a]quinazolinium monobromide. It was found that an increase in
the carbon length of the terminal alkynyl substituent by one
methylene group affects the regioselectivity of the halocyclization
process, but does not affect the stereoselectivity.

Keywords: 2-(but-3-in-1-ylthio)-3-phenylquinazolin-
4(3H)-one; 2-(pent-4-in-1-ylthio)-3-phenylquinazolin-4(3H)-
one; halogenîheterocyclization; regio-(stereo-)selectivity;
[1,3]thiazino[3,2-a]quinazolinium halides; [1,3]thiazepino[3,2-
a]quinazolinium halides.
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